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Summary  Medical  world  offers  unforeseen  ways  and  techniques  in  diagnosis  of  the  rarest  of
rare diseases,  of  early  detection,  of  prompt  and  speedy  aid  and  treatment  but,  many  are  the
hurdles to  be  overcome  by  doctors.  The  case  undertaken  precedes  one  such  problem  doctors
confront during  auscultation.  The  baby  crying  sound  necessitates  a  pause  —  a  pause  to  distract
the baby  and  stop  its  cry  without  which  diagnosis  becomes  impossible  and  erratic  too,  leading
to time  delay.  An  innovative  time  saving  facility  was  pondered  upon  as  the  way  out  to  gear  up
doctors to  facilitate  auscultation  even  when  the  baby  continues  to  cry.  Dhoulath’s  method  iscardiac  arrest;
Auscultation
limitations
utilized for  separation  of  the  baby  cry  and  normal  heart  beats.  This  time  saving  facility  is  highly
effective during  cardiac  failures.  The  diagnosing  time  and  the  death  rate  is  considered,  while
organizing the  concept.
©  2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Sntroduction time  saving  device  and  facility  at  the  doctors’  dis-
osal  will  help  save  many  whose  lives  are  endangered.
 This article belongs to the special issue on Engineering and
aterial Sciences.
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icenses/by-nc-nd/4.0/).eparating  the  normal  heartbeats  and  the  cry  of  a  baby
as  an  absolute  necessity  because,  it  is  expected  to  be
 part  of  futuristic  group  work  in  saving  lives.  Inspired
y  the  urgent  need,  ‘attenuation  and  delay’,  were  com-
uted  theoretically  and  studied  experimentally  by  exploring
he  features  of  blind  source  component  separation.  Exper-
mental  results  obtained  by  artiﬁcial  delayed  mixing  of  the
nput  data,  thereby,  utilizing  the  features  of  Degenerate
nmixing  Estimation  Technique,  showed  that  the  separated
ata  quality  was  high.  W-disjoint  orthogonality  principle
as  the  base  for  separation.  A  most  powerful  and  efﬁcient
icle under the CC BY-NC-ND license (http://creativecommons.org/
Dhoulath’s  method  to  speed  up  diagnose  by  separating  up  crying
Figure  1  Low  pass  ﬁltering  scheme  of  a  traditional  stetho-
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with  different  bit  depth  was  analysed  as  in  Table  1.  Fig.  3ascope.
separation  sound  of  baby’s  cry  and  normal  heart  beat  sound
was  tested  by  simulating  different  samples.  Sampling  fre-
quency  and  bit  rate  conversion  have  been  used  as  the
processing  steps,  to  obtain  a  perfect  match  towards  the
original  data.
This  paper  is  organized  as  two  sections.  Section  ‘Limi-
tations  of  traditional  approach’  introduces  the  traditional
approaches.  Also,  it  introduces,  the  efﬁcient  need  for  soft-
ware  simulations,  emerging  need  for  auscultations.  Section
‘Results’  presents  the  experimental  results  which  can  be
modelled  for  physicians  for  a  machine  dependent  solution,
to  save  human  life.
Limitations of traditional approach
Traditional  approach
The  traditional  stethoscopes  works  on  the  noise  level,  such
that  the  noise  level  should  be  lower  than  the  signal  level  and
it  provides  an  act  of  band—pass  ﬁlter  hbp on  the  frequency
range  of  interest.  Fig.  1  shows  low  pass  ﬁltering  scheme  of
a  traditional  stethoscope.  Any  valid  data  loss,  during  ﬁlter-
ing,  may  lead  to  death.  The  limitation  implies  that  it  is  not
possible  to  simultaneously  obtain  a  high  time  and  frequency
resolution  (Rangayyan,  2002).
To  improve  the  quality  of  signals,  traditional  stetho-
scope  utilizes  the  feature  of  band  pass  ﬁlter  and  rejects  the
unwanted  frequency  of  interest.  Any  interpretation  error
can  be  serious  and  may  lead  to  death.  The  case  study
report  of  a  conjoined  twin  baby  girl’s  death,  after  36  h  of
life  (Millette  and  Baddour,  2011),  demands  urgent  medical
diagnoses  and  development  of  technologies  in  the  case  of
babies.  In  most  of  the  electronic  stethoscope,  signal  ﬁl-
tering  is  done,  which  may  even  ﬁlter  out  a  valuable  data
(Rangayyan,  2002).  The  traditional  approaches  described
with  STFT,  quantiﬁes  the  cardiac  data,  but  the  emergency
s
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Figure  2  Artiﬁcial  delayed sound  of  a  baby  from  normal  heart  beats  37
ituations  when  a  baby  cries  have  been  undertaken  in  this
roposed  work  (Millette  and  Baddour,  2011).
pplication  of  Dhoulath’s  method  to  save
iagnosing  time
f  the  prime  diagnoses  are  perfect,  mortality  rate  can  be
igniﬁcantly  reduced.  In  this  case,  normal  heart  beat  sound
nd  baby  crying  sound  have  been  taken  as  input  data.
Dhoulath’s  method’,  have  been  applied  and  tested  in  our
ata  (Dhoulath  and  Chitraprasad,  2015.  The  tested  data
onverged  fast.  ‘Dhoulath’s  method’,  as  a  contributive  time-
aving  method,  saves  precious  lives  of  babies,  by  saving  the
oments  of  doctors  for  speedy  diagnoses,  especially  during
edical  extremities.  In  this  work,  the  sampling  require-
ents  have  been  analysed  and  ordered  to  have  faithful
eproduction  of  data.
eparation  of  normal  heart  beats  from  baby  cry
he  data  sample  of  crying  sound  of  a  baby  is  ﬁltered.  The
ry  of  a  baby  is  artiﬁcially  mixed  with  normal  heart  beats,
o  provide  a  mixture.  The  mixture  of  data  was  computed  in
lock  wise.  The  blind  source  component  separation  has  been
pplied  in  the  blocks  of  rectangular  window.  Degenerate
nmixing  Estimation  Technique  was  the  basis  of  parame-
er  updating.  The  simulations,  computed  using  MATLAB.  We
ave  ordered  the  output  data  to  the  best  suited  sampling
ate,  as  described  in  Fig.  2  (Dhoulath  and  Chitraprasad,
015.
esults
he  results  after  experimenting  the  simulations  of  (1)  nor-
al  heart  beats  and  (2)  baby’s  cry  mixed  in  different
ampling  rates  are  illustrated  in  Table  1. The  baby  cry  and
ormal  heart  beating  sounds  were  mixed  in  and  its  sampling
ates  are  shown  in  Table  1. Sampling  rates  were  selected  to
btain  the  best  separation  and  to  avoid  a  liasing.  The  ampli-
ude  difference  and  time  delay  plot  of  the  crying  baby  was
stimated  as  shown  in  Fig.  4. Bit  depth  ´,  is  an  eminent  fac-
or,  for  improving  the  quality  of  data.  Separated  out  normal
eart  beat  data  and  crying  sounds,  at  different  sampling  ratehows  separated  out  normal  heart  beat,  at  22,050  Hz,  16  bit,
ono.  Fig.  3b  shows  separated  out  cry  at  22,050  Hz,  16  bit,
ono,  quality  excellent.
 mixing  and  separation.
38  J.D.  Beegum,  D.  Chitraprasad
Table  1  Data  samples  during  mixing  and  separation.
Sounds  Sampled  ´  Delayed  sampling  Separated  result  Sampled  output  data
Normal  heart  beat  8000  Hz  16  bits  8000  Hz  8000  Hz  Sampled  back  to  8000  Hz
Baby cry  22,050  Hz  16  bits  8000  Hz  8000  Hz
Poor  quality  sound
Sampled  back  to  22,050  Hz/8  bits  to
retrieve  quality
Normal heart  beat  11,025  Hz  8  bits  11,025  Hz/16  bits  11,025  Hz  Better  quality
Baby cry  22,050  Hz  8  bit  11,025  Hz/16  bits  11,025  Hz
Better  than  8000  Hz
Sampled  back  to  22,050  Hz/8  bits  to
retrieve  quality
Normal Heart  Beat 22,050  Hz 16  bit 22,050  Hz/16  bits  22,050  Hz
Excellent
Separated  output  quality  is  excellent
Baby cry  22,050  Hz  16  bit  22,050  Hz/16  bits  22,050  Hz  Separated  output  quality  is  excellent
Figure  3  Separated  normal  h
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Digure  4  Amplitude  difference  and  time  delay  plots.
onclusion
osterity  stands  to  beneﬁt  from  such  separation  once  the
roduct  of  our  research  is  incorporated  as  a  utility  of  the
tmost  bounds  in  hospitals.  The  crying  sound  of  a  baby
an  be  separated  and  classiﬁed  for  the  further  studies  of
iagnosis  of  autism,  cerebral  palsy,  mental  retardation,  etc.eart  beat  and  cry  sound.
ence  if  God  wills  it  will  be  accepted  as  a time  saving  tech-
ique  in  the  diagnosis  of  a  crying  baby  during  auscultation,
romoting  diagnosis  with  no  hindrance  from  the  cry  of  the
aby.  We  envision  a  hospital  scenario  where  doctors  will  soon
e  able  to  use  this  tested  and  tried  out  case,  an  innovative
est  separation  data  technique.
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